Isoprenaline-induced increase in the 40/41 kDa pertussis toxin substrates and functional consequences on contractile response in rat heart.
Chronic beta-adrenoceptor stimulation leads to desensitization of the myocardial adenylyl cyclase signalling pathway which includes beta-adrenoceptor downregulation and upregulation of Gi-protein alpha-subunits. However, these investigations have mainly been done in cellular preparations. In this study we report that isoprenaline infusion in vivo leads to an increase in myocardial Gi alpha and present evidence for functional consequences of this increase. Rats were treated by a 4-day subcutaneous infusion with isoprenaline (2.4 mg/kg.d), propranolol (9.9 mg/kg.d) and triiodothyronine (T3, 0.5 mg/kg.d) for comparison. Isoprenaline treatment increased the pertussis toxin-sensitive amount of Gi alpha by 22 +/- 6% and decreased beta 1- and beta 2-adrenoceptor density from 35 +/- 4 to 23 +/- 6 fmol/mg protein and 24 +/- 4 to 8 +/- 6 fmol/mg protein, respectively. Contraction experiments on electrically driven papillary muscles revealed that the negative inotropic potency of the M-cholinoceptor agonist carbachol in the presence of isoprenaline was increased as compared to control (mean EC50-values: 0.04 mumol/l vs. 0.28 mumol/l). All isoprenaline-induced effects were antagonized by simultaneously administered propranolol. T3 treatment had no influence on the parameters investigated. The results suggest that chronic beta-adrenoceptor stimulation desensitizes myocardial adenylyl cyclase by at least two mechanisms: beta-adrenoceptor downregulation leading to diminished signal transduction in the stimulatory pathway and Gi alpha upregulation leading to sensitization of the inhibitory pathway. Such adaptation might protect the heart from chronic exposure to catecholamines in heart diseases with elevated plasma catecholamine levels.